the types of promoter listed have not been demonstrated as such by animal experiments, but if a substance is a carcinogenic but not mutagenic, then it is most probably a tumor promoter. This assumes that mutagens are initiators and that promoters can induce cancer because initiators are present in the diet or environment. Until recently, the adventitious initiators were considered as contaminants such as aflatoxin or nitrosamines, but the mutagen and carcinogen, quercitin, is present as such or as glycosides in most vegetable matter and in animal foods. Substances which inhibit DNA repair or suppress immune response might also increase cancer incidence and so be considered as carcinogens without being promoters. Some neoplasia including liver tumors in mice, bladder, kidney and thyroid tumors in rats are easily induced by promoters so that their occurrence is almost indicative of tumor promotion.
Tumor promoters are organotropic and can change the site of action of an initiator. Thus tryptophan can change the site of action of 2-acetylaminofluorene from the liver to the bladder and thiouracil from the liver to the thyroid. Some carcinogens, particularly aromatic amines, cause cancer in different organs in different species; this effect could be due to tumour promotion.
Synthetic Surface Active Compounds
The first surface-active compounds shown to be tumor promoters were probably the fatty acid derivatives of polymers such as the commercial products Tweens and Spans. Setala (2) carried out typical tumor promotion experiments with these. Following a single application of 7,12-dimethylbenz(a) anthracene to the skin of mice the surfactants were applied repeatedly. Many, but not all of the Tweens when applied as concentrated solutions in this way caused local skin tumors. Similar results were described by Della Porta et al. (3) .
As the effect was seen with concentrated solutions the high osmotic pressure of the applied material could play a role as such solutions, e.g., carboxymethylcellulose and iron dextran seem to be promoters for subcutaneous sarcomas as suggested by Walpole (4) . On the other hand, low molecular weight surfactants act as promoters for stomach cancer in rats (5) .
Subcutaneous Sarcomas
Many acid dyes and other compounds particularly surfactants induce sarcomas on repeated injection into subcutaneous tissue. The dyes which do this, e.g., Brilliant Blue FCF (C.I. 42090), Light Green SF Yellowish (C.I. 42095), Fast Green FCF (C.I. 42053) and Blue VRS (C.I. 42045), are all surface active, so that the surface tension of 2% solutions is more than 20% less than that of water (5) . Injection of more dilute solutions in which the surface tension was reduced by less than 20% did not induce sarcomas. Other surfactants that have induced subcutaneous sarcomas are Tween 60 as 6% solution (7) and calcium cyclamate as 5% solution (8) . As these carcinogens are not mutagenic, they are probably tumor promoters and are only active when the concentration is high enough for appreciable surface activity to be exerted.
Measurements of Interfacial Tension
Because of the evidence that some tumour promoters are surfactants, the interfacial tension between water and n-octanol of some known and possible tumor promoters was measured (9) . Some of the findings are summarized in Table 2 .
The compounds investigated fell into three groups with different surface activities. The first group of compounds, which had little surface activity (4% solutions reduced the interfacial tension by less than 10%), include urea, calcium acetate, sodium chloride, glycerol, sodium nitrilotriacetate, phenol and glucose.
The second group of compounds with moderate surface activity (4% solutions reduced the inter- facial tension by 20%) included ethanol and the known tumor promoters sodium saccharin, sodium cyclamate and sodium phenobarbitone. The doses of saccharin and cyclamate which act as tumor promoters being at least 5% of the diet, are such that the concentration in the bladder shortly after feeding would be sufficient to reduce interfacial tension by 20%. Although sodium cyclamate and saccharin have about the same surface activity and promoting action, cyclohexylamine, a metabolite of cyclamate by bacterial action, was twice as active in reducing interfacial tension. Saccharin is not metabolized so the effect is probably due to the compound itself. Saccharin is used in the electroplating industry presumably because of its surfactant activity. Tryptophan is also a promoter for bladder cancer, but this is probtbly due to some metabolite such as indoxyl sulfate. The concentration of alcohol in the mouth and esophagus causing cancer is probably sufficient to have about the same effect on interfacial tension. The doses of phenobarbitone that promote liver tumors (0.25% of the diet) are such that the reduction of tension would be small. Thus although saccharin, cyclamate and ethanol could act as promoters because they are surfactants, it is unlikely that phenobarbitone acts by virtue of this activity. It seems possible that enzyme inducers could be tumor promoters. Sodium nitrilotriacetate induces bladder tumors but the reduction in interfacial tension observed would indicate that it operated by some other mechanism. It is a chelating agent, and, like catechol, could be a promoter because of this property.
Of the substances with higher surface activity sodium lithocholate is a known promoter of cancer of the colon in rats (10) . Other salts of the bile acids, desoxylcholic and taurocholic acids are also potent surfactants and presumably tumour promoters. That the salts of the fatty acids, sodium stearate and sodium oleate, had similar activity is known (11) . The incidence of cancer of the colon in different countries varies with the fat intake (12) . Oleic acid, lauric acid and known promoters including saccharin and phenobarbital were active in the transformation of Rauscher virus infected cells after initiation with 3-methylcholantrene (13) . If the proposed hypothesis is correct then the fatty acids as well as bile acids in feces could be promoters for cancer of the colon. Long-chain fatty acids are weak promoters for mouse skin (14) . An extension of the hypothesis would indicate that those laxatives such as dioctyl sodium sulfosuccinate (Aerosol OT) which are surface active compounds could also be colon tumor promoters.
The effect of dietary fiber in reducing the incidence of cancer of the colon could be due to the fiber either absorbing the surfactants or holding water and so reducing the concentrations of harmful surface active agents in the feces.
Alcohol as Tumor Promoter
The published data and the experimental findings (Table 2) show that ethanol has surface activity; 5% (v/v) solutions reduced the interfacial tension by 22% and surface tension by 20%. This activity is sufficient for alcohol to promote a tumor if taken in concentrated forms such as spirits. There is abundant evidence that cancers of the mouth, pharynx, larynx and esophagus occur more frequently in men who consume large amounts of alcoholic beverages (15, 16) or use alcoholic mouthwashes (17) . These cancers are seen most frequently in men who smoke and drink spirits. Tobacco smoke must provide initiators. The search for carcinogens in spirits has not revealed any potent initiators or carcinogens in significant quantities. The consumption of large quantities of beer increases the incidence of cancer of the esophagus (18, 19 ) much less or not at all. It seem to increase the risk of cancer of the colon (20) . It is thus the concentration of ethanol at any moment that is important rather than the total amount of ethanol imbibed. It is not unusual for threshold levels to be necessary to produce biological effects; oxygen and cyanide are suitable examples. The increased incidence of colon cancer in beer drinkers could be due to these men having less fiber in their diets.
It should be sufficient to add water to spirits to reduce the carcinogenic effect on the mouth and esophagus. Connoisseurs are divided about the addition of water to a good whisky and few seem to add water to a good brandy. There are, however, those that consider that the flavor of a good cognac can be better savored if water is added, but a good spirit deserves good water. Perhaps the best procedure is to appreciate the bouquet and then add water to taste the flavor and reduce the carcinogenic hazard.
Effective Levels of Surfactants
Of the different types of tumor promoters (21), some, including those which are surfactants, probably have safe or threshold levels. The surfactants probably act by changing cell membranes and there must be levels below which the effect on cells is negligible. The safe or threshold level of these compounds is not so much the total dose, but the maximum levels attainable at any time. Thus the same amount of ethanol taken as beer, containing 4% ethanol, has less carcinogenic action on the mouth and esophagus than when consumed as spirits with 40% alcohol. Different surface active compounds act as tumor promoters for the bladder, colon, mouth, esophagus, skin and stomach. As the effect of these is physical because it does not involve chemical combination, there are safe levels below which the effect on cell membranes is negligible. Of the many experiments in which saccharin has induced bladder tumors, the doses were high-either 5% of the diet or more than 1 g/kg body weight daily for a year. It is therefore unlikely that the amounts of saccharin taken by humans present a cancer hazard. Although there are safe levels of promoters that act as surfactants and solvents such as benzene (22) it is difficult to postulate that there could be safe levels for those promoters, which, such as asbestos, remain in tissues.
Of the the many tumor promoters some of which are listed in Table 1 only the few given in Table 3 would appear to increase the risk of human cancer.
Cigarette smoke provides a complete carcinogen and acts as initiator for asbestos workers and as promoter for uranium miners.
